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(57) Abstract: A wound closure device that 
includes a first anchor (12), a second anchor 
(14), and a flexible member (16) that connects 
the first anchor (12) to the second anchor (14) 
is disclosed. The flexible member (16), e.g., 
a suture, is movably attached to the second 
anchor (14), such that pulling on a free end 
(44) of the flexible member (16) shortens a 
length of the flexible member (16) between 
the first (12) and second anchors (14). 
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WOUND CLOSURE DEVICES AND METHODS 

The invention relates to wound closure devices and methods of 
5 closing tissue wounds. 

Fibrous tissue wounds, such as muscle, ligament, and cartilage tears, 
can be repaired arthroscopically using sutures. Traditionally, to close 
a fibrous tissue wound, a surgeon would insert two suture needles into 
1 0 the tissue with sutures attached, thread the sutures across the wound, 
and then tie knots to fix the free ends of the sutures within the tissue. 

To simplify the wound closure procedure and to improve fixation, 
various types of suture anchors have been developed. One example 

15 of a suture anchor is disclosed in Hayhurst, U.S. Patent No. 4,741 ,330, 
which is incorporated herein by reference. In Hayhurst, one end of a 
suture is fixed to a resiiiently-deformable, bar-shaped suture anchor. 
The anchor is loaded into the bore of a hollow needle and deployed 
into or against the fibrous tissue. The surgeon then threads the suture 

20 across the wound and tensions a free end of the suture to pull the 
wound closed. When the surgeon tensions the suture, the bar in the 
anchor becomes oriented transversely to the suture hole, anchoring 
the suture in place. 

25 The present invention is an improvement upon these prior art 

techniques and is defined in the attached claims. In general, an aspect 
of the invention features a wound closure device that includes a first 
anchor, a second anchor, and a flexible member that connects the first 
anchor to the second anchor. The flexible member is movably 

30 attached to the second anchor, such that pulling on a free end of the 
flexible member shortens a length of the flexible member between the 
first and second anchors. 
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Embodiments of this aspect of the invention may include one or. more 
of the following features. 

The movable attachment of the flexible member to the second anchor 
5 allows the length of the flexible member between the first and second 
anchors to be shortened, but not lengthened. 

The movable attachment can be a knot formed in the flexible member 
at the second anchor. The knot includes, e.g., a first portion of the 
1 0 flexible member that forms a loop, and a second portion (which might 
include the free end) that passes over a surface of the second anchor 
and through the loop. The surface can be, e.g., an exterior surface of 
the second anchor. 



1 5 Pulling on the free end of the flexible member in one direction causes 
the flexible member to slide through the loop, but pulling on the flexible 
member in an opposite direction causes the loop to press the second 
portion against a compression surface of the second anchor, resisting 
increase in the length of the flexible member between the first and 

20 second anchors. The loop can be disposed within a partially enclosed 
region of the second anchor. 

The second anchor can include a first section that defines a plurality of 
holes through which the first portion of the flexible member passes to 
25 form the loop. A second section of the second anchor defines a 
passage that connects to the partially enclosed region, and the free 
end of the suture passes through this passage. 

The second anchor can include a rounded body and an appendage 
30 attached to the rounded body, where the rounded body and the 

appendage define a partially enclosed region therebetween. At least a 
portion of the flexible member passes through the partially enclosed 
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region. In addition, the flexible member might wrap around the 
rounded body. 

The rounded body can have a generally cylindrical shape, sized to fit 
5 within the bore of a hollow needle, and an axial groove. The groove 
extends across an axial length of the rounded body. The cross- 
sectional shape of the rounded body can be, e.g., a rectangle, an L, or 
aD. 

1 0 The second anchor can also have a generally hemispherical shape, a 
generally crescent shape, or a T-shape. The crescent-shaped anchor 
can have sharp tip configured to penetrate tissue. 

The second anchor defines a through-hole through which the flexible 
15 member passes. In addition, the device can also include a second 
flexible member that passes through the through-hole, where the 
second flexible member has a thickened portion that has a width 
greater than a width of the through-hole, such that the thickened 
portion cannot pass through the through-hole. 

20 

The first anchor includes, e.g., a generally cylindrical body sized and 
shaped to fit within the bore of a hollow needle, and a projection, such 
as a longitudinal fin, extending from the cylindrical body. Alternatively, 
the first anchor can have a button shape. The first anchor can define a 
25 hole for passage of the flexible member therethrough, and the flexible 
member can be fixed to the first anchor. 

The flexible member can be a suture. 

30 In another aspect, the invention features a wound closure kit that 
includes an open-tipped needle and first and second anchors 
connected by a flexible member disposed within a bore of the needle. 



4 

Embodiments of this aspect of the invention may include one or more 
of the following features. 

The needle can define a longitudinal slit, and the first anchor can 
5 include a projection that protrudes through the slit. The second anchor 
can also include an appendage that protrudes through the slit, and the 
flexible member can be attached to the appendage. The flexible 
member can be fixed to the first anchor, but movably attached to the 
second anchor. 

10 

In another aspect, the invention features a method of closing a tissue 
wound. The method includes: (a) providing a wound closure device 
that has a first anchor, a second anchor, and a flexible member 
movably attached to the second anchor, (b) positioning the first anchor 
1 5 against tissue; (c) passing the flexible member across the wound; (d) 
positioning the second anchor against tissue; and (e) pulling on a free 
end of the flexible member to shorten a length of the flexible member 
between the first and second anchors, thereby closing the wound. 

20 This aspect of the invention may include one or more of the following 
features. 

The flexible member can be slidably attached to the second anchor by 
a one-way knot, such that after completion of the pulling step, the 

25 length of the flexible member between the first and second anchors 
remains shortened. Part of the one-way knot can be disposed within a 
partially enclosed region of the second anchor. The partially enclosed 
region can be located such that during the pulling step, the portion of 
the one-way knot disposed within the partially enclosed region avoids 

30 contact with tissue. 

The first positioning step can include positioning the first anchor on a 
first side of the wound. The passing step can include passing the 
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flexible member from the first side to a second side of the wound, 
engaging tissue on the second side, and returning the flexible member 
to the first side. The second positioning step can include positioning 
the second anchor on the first side of the wound. 

5 

The first and second anchors can initially be disposed, at least 
partially, within the bore of a hollow, open-tipped needle. The first 
anchor can include a section that protrudes through a slit in the 
needle, and the first positioning step can include engaging the 
10 projection with tissue to remove the first anchor from the bore. 

The providing step can include providing a device in which the flexible 
member passes through a through-hole in the second anchor, and the 
device further includes a second flexible member that also passes 
1 5 through the through-hole. The second flexible member has a 
thickened portion that is wider than the through hole. The method 
further includes pulling the second flexible member until the thickened 
portion wedges into the through hole. 

20 In another aspect, the invention features a method of repairing a tear 
in a meniscus. The method includes: (a) providing a tear closing 
device having a first anchor, a second anchor, and a flexible member 
movably attached to the second anchor; (b) positioning the first anchor 
against the meniscus; (c) passing the flexible member across the tear; 

25 (d) positioning the second anchor against the meniscus; and (e) pulling 
on a free end of the flexible member to shorten a length of the flexible 
member between the first and second anchors, thereby closing the 
tear. 

30 Embodiments of this aspect of the invention can include one or more 
of the following features. 
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The first positioning step can include positioning the first anchor 
against an external surface of the meniscus, on a first side of the tear, 
the passing step can include passing the flexible member from the first 
side to a second side of the tear, engaging tissue on the second side, 
5 and returning the flexible member to the first side, and the second 
positioning step can include positioning the second anchor against the 
external surface. Alternatively, the first and second anchors can be 
positioned against external surfaces of the meniscus on opposite sides 
of the tear. 

10 

Embodiments of the invention may include one or more of the 
following advantages. The first and second anchors can be deployed 
using a single hollow needle, rather than two separate needles. After 
deploying the anchors, the surgeon need not tie an additional knot 
1 5 The length of the flexible member between the two anchors can be 
adjusted after deploying the anchors, allowing a surgeon to set the 
tension in the flexible member to a desired level. 

Since the device uses a flexible member, such as a suture, to close 
20 the tissue wound, rather than inflexible staples or tacks, the tissue is 
not significantly damaged when it expands and contracts. For 
example, if the soft tissue is a meniscus, the anchors do not damage 
the meniscal tissue when the knee moves. 

25 Other features and advantages of the invention will become apparent 
from the following detailed description and from the claims. 

Fig. 1 A is a perspective view of a wound closure device. 
Fig. 1 B is a side view of a first suture anchor of the wound closure 
30 device of Fig. 1 A. 

Fig. 1 C is a side view of a second suture anchor of the device of Fig. 

1A 

Fig. 1 D is an enlarged view of a braided suture. 



7 

Fig. 2 is a perspective, cut-away view of the wound closure device of 
Fig. 1 A implanted within a meniscus. 

Figs. 3A and 3B are sectional views of the second suture anchor and 

one-way knot of the wound closure device of Fig. 1 A. 
5 Fig. 4 is a perspective view of a hollow needle, with the wound closure 

device of Fig. 1A disposed within a bore of the needle. 

Figs. 5A-5D are schematics illustrating deployment of the wound 

closure device of Fig. 1 A into a meniscus using a plunger. 

Figs. 6A-6D are schematics illustrating deployment of the wound 
1 0 closure device of Fig. 1 A into a meniscus using a plunger and a 

spacer. 

Fig. 7A is a perspective view of an alternative first anchor design for a 
wound closure device, used in reverse deployment of the device. 
Figs. 7B-7E are schematics illustrating reverse deployment of a wound 
15 closure device. 

Figs. 8A and 8B are perspective views of the second suture anchor of 
Figs. 1 A and 1 C, showing an alternative one-way knot configuration 
for the anchor. 

Figs. 9-12 are sectional views of alternative configurations of the 
20 suture anchor and one-way knot of Figs. 3A and 3B. 

Fig. 1 3A is a top view of a T-shaped second suture anchor. 

Fig. 13B is a side view of the T-shaped suture anchor of Fig. 13A. 

Fig. 13C is a front view of a crescent-shaped second suture anchor. 

Fig. 1 3D is a side view of the crescent-shaped suture anchor of Fig. 
25 13C. 

Figs. 14-16 are sectional views showing deployment of wound closure 
devices that include the crescent-shaped suture anchor of Fig. 13C. 
Fig. 17 is a perspective, partially schematic view of an alternative 
wound closure device implanted within a meniscus. 
30 Fig. 1 8A is a perspective view of an alternative first suture anchor 
design for a wound closure device. 

Fig. 18B is a perspective, cut-away view of the wound closure device 
of Fig. 18A implanted within a meniscus. 
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Embodiments of the present invention feature wound closure devices 
that include two suture anchors connected by a length of a flexible 
member, such as a suture. The suture is tied to the first anchor with a 
5 conventional knot, but movably attached to the second anchor, 
. allowing a surgeon to shorten the length of suture between the 
anchors, and thereby close a wound. In some embodiments, the two 
anchors can be deployed within torn tissue using a single hollow 
needle. 

10 

Referring to Figs. 1A-1C, a wound closure device 10 includes a first 
suture anchor 12, a second suture anchor 14, and a suture 16 that 
connects anchor 12 to anchor 14. First anchor 1 2 has a generally 
solid cylindrical body 18 extending axially from a distal surface 19a to 

15 a flat proximal surface 1 9b. To facilitate passage of first anchor 1 2 into 
tissue, both an upper portion 22a and a lower portion 22b of surface 
1 9a are beveled relative to the axis of cylindrical body 1 8, forming a 
rounded distal tip 22c. Upper portion 22a is beveled at an angle a 
relative to the axis of cylindrical body 1 8, and lower portion 22b is 

20 beveled at an angle a relative to the axis. 

Attached to cylindrical body 18 is a fin-shaped projection 20 that 
extends from upper portion 22a of distal surface 19a to proximal 
surface 1 9b. Fin 20 defines two horizontally transverse holes, 24a and 
25 24b. Suture 16 is attached to first anchor 12 by passing the suture 
through hole 24a in a first direction (e.g., out of the page in Fig. 1 A), 
through hole 24b in a second direction (e.g., into the page in Fig. 1A), 
and then forming a conventional knot 25 near fin 20. Conventional 
knot 25 rigidly fixes suture 16 to the first anchor. 

30 

Second anchor 14 has a distal surface 29a, a proximal surface 29b, 
and a generally cylindrical body 28 extending axially from surface 29a 
to surface 29b. Attached to body 28 is an appendage 26. Appendage 
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26 is generally L-shaped in cross-section, and extends along an axial 
length of body 28, from surface 29a to surface 29b. 

Distal surface 29a of anchor 14 is beveled in a manner similar to 
5 anchor 12: An upper portion 31 a of surface 29a forms an angle £ 
relative to an axis of body 28, and a lower portion 31 b of surface 29a 
forms an angle 6 relative to the body's axis, forming a rounded distal 
tip 31 c. Proximal surface 29b of anchor 14 is flat. 

1 0 The L-shape of appendage 26 is formed by two perpendicular 
sections: a stem 36 attached to cylindrical body 28 along an axial 
length of the body, and a base 32 attached to the stem. Base 32 
defines a vertically transverse hole 30, and stem 36 defines two 
horizontally transverse holes 34a and 34b. Holes 34a and 34b are 

1 5 perpendicular to hole 30, but all three holes pass through anchor 1 4 in 
a direction generally parallel to sides 29a and 29b. 

Each of the three holes 34a, 34b, and 30 connect the exterior of 
anchor 14 to an interior, partially enclosed, protected region 39. 
20 Region 39 is defined by base 32, an interior surface 37 of stem 36, 
and a concave groove 35 within cylindrical body 28. Groove 35 
extends axial ly across body 28, along the line where interior surface 
37 connects to body 28. 



25 Suture 1 6 is movably attached to second anchor 14 with a one-way 
knot 40. One-way knot 40 includes a first portion of suture 1 6 that 
forms a loop 42, and a second portion of suture that passes around 
body 28 and through the loop. Loop 42 is formed within the protective 
region 39 defined by groove 35, surface 37, and base 32. Region 39 

30 acts to separate loop 42 from tissue when device 1 0 is implanted 
within tissue, preventing the tissue from interfering with the sliding 
action of one-way knot 40. 



10 

To form one-way knot 40, suture 16 is first passed from an exterior of 
anchor 14, through hole 34a into region 39, and then back out hole 
34b to the exterior, forming loop 42 within region 39. The suture is 
then passed over the rounded, exterior surface 41 of cylindrical body 
5 28, back into region 39, through loop 42, and then to the exterior 
through hole 30. Suture 16 terminates at a free end 44. 

One-way knot 40 allows the length of suture between first anchor 12 
and second anchor 14 to be shortened, but not lengthened. A 

1 0 surgeon can shorten the length of suture between the anchors by 

pulling on free end 44, which draws additional suture in the direction of 
the arrows in Fig. 1 A, through holes 30, 34b, and 34a, thereby 
reducing the length of suture between anchors 1 2 and 14. If, however, 
the surgeon attempts to lengthen the distance between the anchors, 

1 5 e.g., by pulling first anchor 12 away from second anchor 14 (i.e., 

pulling suture 16 in the opposite direction of the arrows), then loop 42 
squeezes portion 46 of suture 16 against an interior compression 
surface 43 of stem 36, preventing further lengthening of the distance 
between the anchors. 

20 

If suture 16 is a braided suture, as opposed to a smooth suture, then 
suture 16 should be threaded through second anchor 14 in a particular 
direction. Referring to Fig. 1 D, a braided suture 16a is formed from 
numerous threads 1 7a braided from left to right in Fig. 1 D. Braided 

25 suture 1 6a slides more easily if it is pulled in the direction of braiding 
(i.e., in the direction of arrow S in Fig. 1D) than if it is pulled against the 
braiding (in the direction of arrow L). Thus, if suture 16 is a braided 
suture, then suture 16 should be threaded through second anchor 14 
in the direction of braiding. If threaded in the direction of braiding, the 

30 suture will slide more easily in the direction of the arrows in Fig. 1 A, 
and less easily in the direction opposing the arrows. 
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The cylindrical portions of anchors 12 and 14 are sized and shaped to 
fit within a hollow bore of a needle (described below), facilitating 
arthroscopic implantation of device 10. For example, cylindrical body 
18 has a diameter Di of about 0.04 inches, and cylindrical body 28 has 
5 a diameter D 2 approximately equal to diameter Di. Fin-shaped 

projection 20 and L-shaped appendage 26, however, are configured to 
protrude through a longitudinal slit in the needle. Delivery of device 10 
using a hollow needle is described below, with reference to Figs. 5A- 
5D and 6A-6D. 

10 

First anchor 12 has an overall axial length Li of, e.g., about 0.19 
inches, and fin 20 has a height Hi of, e.g., about 0.03 inches. Second 
anchor 14 has an overall axial length l_2 of, e.g., about 0.22 inches, a 
width W2 of, e.g., about 0.06 inches, and a height H2 of, e.g., about 
15 0.07 inches. Angle a is, e.g., about 30 degrees, angle a is, e.g., 

about 40 degrees, angle t is, e.g., about 30 degrees, and angle 6 is, 
e.g., about 40 degrees. 

Anchors 12 and 14 are made from rigid, biocompatible materials, such 
20 as polyethylene, an acetal, or polypropylene. Alternatively, the 
anchors can be made from resiliently deformable materials, as 
described in Hayhurst, supra, or from bioabsorbable materials. 
Anchors 12 and 14 are preferably unitary, injection molded pieces, but 
can also be manufactured by other methods. 

25 

Fig. 2 illustrates the use of wound closure device 1 0 to repair a torn 
meniscus 50. Meniscus 50 is a C-shaped, rubbery, shock-absorbing 
structure located between the tibia and femur inside the knee. 
Meniscus 50 has a tear 52 that unnaturally separates distal meniscal 
30 tissue 54 from proximal tissue 56. A width W M of meniscus 50, as 
measured from points 60a and 60b to an exterior surface 58 of the 
meniscus is, e.g., about 0.25 inches. 



12 

When device 10 is implanted within meniscus 50, both anchors 12 and 
14 abut surface 58, separated by a distance of, e.g., about 1 cm. 
Suture 16 passes from first anchor 12, into distal tissue 54, across tear 
52, and emerges from proximal tissue 56 at point 60a. Suture 1 6 then 

5 passes again into proximal tissue 56 at point 60b, again traverses tear 
52, and emerges out surface 58, where it attaches to second anchor 
14 via one-way knot 40. From second anchor 40, suture 16 passes 
again into distal tissue 54, traverses tear 52, and emerges from 
proximal tissue 56 at or near point 60b. Free end 44 of suture 1 6 

1 0 emerges from proximal tissue 56. 

Referring to Figs. 2, 3A, and 3B, once device 10 is implanted, a 
surgeon can close tear 52 by pulling on free end 44 of suture 16. 
When the surgeon pulls on free end 44, four separate movements 

1 5 occur in succession. First, friction between suture 1 6 and body 28 
rotates second anchor 14 until a lower surface 33 of base 32 is flush 
against meniscal surface 58, as shown in Fig. 3A. Second, tension in 
suture 16 pulls the center of fin 20 towards surface 58, causing first 
anchor 12 to align against surface 58 transversely to the portion of 

20 suture 1 6 that exits anchor 1 2, with both fin 20 and the axial length of 
body 18 pressing against meniscal surface 58. Third, continued 
pulling on free end 44 draws additional suture through holes 30, 34b, 
and 34a, via knot 40, in the direction of the arrows of Fig. 1 A, 
lengthening free end 44 and shortening the length of suture between 

25 anchors 1 2 and 1 4. Shortening the length of suture between anchors 
12 and 14 increases the tension in suture 16 between the anchors, 
which pulls distal tissue 54 and proximal tissue 56 together, closing 
tear 52. Since loop 42 remains within protected region 39 as the 
surgeon pulls on free end 44, base 32 separates loop 42 from tissue, 

30 and suture 16 does not become wedged between tissue and anchor 
14 when the surgeon pulls on the suture's free end. Once tear 52 has 
been closed, one-way knot 40 prevents the two anchors from pulling 
apart, and prevents the tear from re-opening. 



WO 01/39671 



PCT/US00/32389 



13 

The final successive movement occurs when the surgeon releases 
free end 44, after closing tear 52. When the surgeon releases the free 
end, the tension in suture 16 between the two anchors pulls body 28 of 
5 anchor 1 4 away from free end 44, causing second anchor 1 4 to rotate 
in the direction of arrow R (Fig. 3B), until body 28 abuts meniscal 
surface 58, trapping a portion 62 of suture 16 between body 28 and 
surface 58. (For clarity, suture 16 is shown spaced slightly from body 
28 and stem 36 in Fig. 3B. In actuality, suture 16 is flush against the 
1 0 surfaces of anchor 1 4 after suture 1 6 is tensioned by the surgeon. ) 

When second anchor 14 is in its final position, shown in Fig. 3B, suture 
16 is locked in place. The length of suture between anchors 12 and 
14 cannot be increased, because loop 42 of one-way knot 40 presses 
1 5 portion 46 of the suture against surface 43 of stem 36. In addition, the 
length of suture between the anchors resists being further shortened, 
since portion 62 of suture 16 is wedged between body 28 and surface 
58 of the meniscus. 

20 Wound closure device 1 0 is preferably deployed within meniscus 50 
arthroscopically, using a hollow needle 70. Referring to Fig. 4, hollow 
needle 70 defines a bore 72 and an open distal tip 74. The diameter 
D B of bore 72 is slightly larger than diameter of body 18 of first 
anchor 12, and diameter D2 of body 28 of second anchor 14, allowing 

25 body 1 8 and body 28 to fit slidably within the bore. Needle 70 also 
includes a longitudinal slit 76 through a wall of the needle. Slit 76 
extends proximally from open tip 74, and communicates with bore 72. 
Slit 76 is sized and shaped to allow fin 20 of first anchor 12 and L- 
shaped appendage 26 of second anchor 14 to protrude from needle 

30 70. 

Needle 70 also includes a plunger 80. Plunger 80 enters bore 72 
through a proximal opening 82 in needle 70, and extends to proximal 
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surface 1 9b of first anchor 12. Plunger 80 passes by second anchor 
14 by sliding along groove 35. When plunger 80 is positioned as 
shown in Fig. 4, sliding plunger 80 in the direction of arrow A pushes 
first anchor 12 distally, but does not move second anchor 14. 

5 

Prior to surgery, suture 16 is attached to anchors 12 and 14, in the 
manner described above with reference to Fig. 1 A The two anchors 
12 and 14 are then loaded into bore 72 of needle 70. Second anchor 
14 is loaded first, by inserting cylindrical head 28 into bore 72, through 

1 0 open tip 74, such that appendage 26 protrudes through slit 76. 

Second anchor 14 is pushed proximally into slit 76, until stem 36 abuts 
a proximal surface 77 of the slit. Next, first anchor 12 is loaded into 
the distal most position in needle 70 by inserting cylindrical body 18 
through tip 74, into bore 72, such that fin 20 protrudes through slit 76. 

1 5 Both anchors 12 and 14 are loaded with their respective beveled distal 
surfaces 1 9a and 29a facing open distal tip 74. 

After the anchors have been loaded, plunger 80 is inserted into bore 
72 through proximal opening 82. Plunger 80 is slid past second 
20 anchor 1 4 along groove 35, until a tip 84 of the plunger abuts proximal 
surface 19b of first anchor 12. 

Attachment of suture 16 to anchors 12 and 14 and loading of the 
anchors and plunger into needle 70 can be performed at the time of 
25 manufacture, i.e., pre-loaded, or immediately prior to surgery. 

During surgery (or prior to surgery), the surgeon first pushes plunger 
80 in the direction of arrow A to separate anchors 12 and 14 within 
bore 72. The surgeon pushes the plunger until the anchors are 
30 separated by at least a distance L, as shown in Fig. 4, where L is 
greater than width W M of meniscus 50. Distance L is, e.g., about 0.35 
inches. 
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Referring to Figs. 2 and 5A-5D (not to scale), the surgeon next pushes 
needle 70 through meniscus 50, in the direction of arrow A, until fin 20 
of first anchor 12 passes entirely through exterior surface 58 of the 
meniscus. As the surgeon pushes needle 70 through the tissue, he or 
5 she holds plunger 80 steady, to prevent anchor 1 2 from sliding in the 
direction of arrow B as the needle is pushed through the meniscal 
tissue. Since the separation distance L is greater than the width Wm of 
meniscus 50, second anchor 14 does not enter the meniscus at this 
point in the procedure. 

10 

The surgeon next forces first anchor 12 out of needle 70 through tip 74 
by pushing plunger 80 in the direction of arrow A, and then seats 
anchor 12 against surface 58 of the meniscus by pulling on free end 
44 of suture 16. Once anchor 12 has been seated, needle 70 is pulled 
15 in the direction of arrow B, back through meniscus 50, across tear 52, 
and out the hole at point 60a (Fig. 5B). 

The surgeon then reinserts needle 70 into meniscus 50 at point 60b, 
and again passes the needle through the meniscus in the direction of 

20 arrow A, across tear 52, until tip 74 passes through surface 58. To 
eject second anchor 14, the surgeon withdraws plunger 80 in the 
direction of arrow B until tip 84 of the plunger is proximal to surface 
29b of anchor 14. The surgeon then maneuvers plunger 80 until tip 84 
contacts surface 29b, and then pushes the plunger in the direction of 

25 arrow A, forcing second anchor 1 4 through tip 74. Plunger 80 and 
needle 70 are then fully withdrawn in the direction of arrow B, leaving 
both anchors 12 and 14 resting against surface 58, as shown in Fig. 
5D. The surgeon can then tension suture 16, positioning the anchors 
against surface 58 and closing tear 52, by pulling on free end 44, as 

30 described above with reference to Fig. 2. Other embodiments are 
within the scope of the claims. For example, device 10 can be 
extracted from needle 70 by engaging fin 20 with surface 58, rather 
than by using a plunger 80. Referring to Fig. 6A-6D (not to scale), in 
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this embodiment, plunger 80 is not passed through groove 35 to first 
anchor 1 2. Instead, tip 84 of plunger 80 always remains proximal to 
anchor 14. 

5 When the two anchors are loaded into bore 72 of needle 70, a spacer 
86 is placed between the anchors. Spacer 86 is a simple cylindrical 
bar, preferably made from a material that degrades quickly in the body, 
such as salt. Spacer 86 has a longitudinal length L s greater than width 
Wm of meniscus 50. Length U is, e.g., about 0.35 inches. 

10 

During surgery, the surgeon first pushes needle 70 through meniscus 
50, in the direction of arrow A, until fin 20 passes entirely through 
exterior surface 58 of the meniscus (Fig. 6A). As the surgeon pushes 
needle 70 through the tissue, surface 77 of slit 76 engages stem 36 of 
1 5 anchor 1 4, preventing the two anchors and the spacer from sliding in 
the direction of arrow B within bore 72. (In addition, the surgeon can 
hold plunger 80 steady to prevent the two anchors from sliding in the 
direction of arrow B.) 

20 The surgeon next pulls the needle in the direction of arrow B, back 
through meniscus 50, across tear 52, and out the hole at point 60a 
(Fig. 6B). As the surgeon withdraws the needle, fin 20 engages 
surface 58, and first anchor 12 is pulled out of needle 70, through tip 
74. As before, the surgeon then seats anchor 12 against surface 58 

25 by pulling on free end 44 of suture 1 6. Since spacer 86 is larger than 
width W M of meniscus 50, the spacer prevents second anchor 1 4 from 
entering meniscus 50, and therefore prevents second anchor 14 from 
also being pulled out of needle 70 as needle 70 is pulled in the 
direction of arrow B. 

30 

Next, the surgeon reinserts needle 70 into meniscus 50 at point 60b, 
and again passes the needle through the meniscus in the direction of 
arrow A, across tear 52, until tip 74 passes through surface 58. The 
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surgeon then pushes plunger 80 in the direction of arrow A, ejecting 
both spacer 86 and second anchor 14 out of needle 70 through tip 74 
(Fig. 6C). The needle is then fully withdrawn from meniscus 50, in the 
direction of arrow B, leaving both anchors 12 and 14 resting against 
5 surface 58, as shown in Fig. 6D. The surgeon then pulls on free end 
44 to position the anchors and close the tear, as described above. 
Spacer 86 can either be removed by the surgeon, or left within the 
body to degrade. 

10 In a second alternative deployment method, a modified wound closure 
device is deployed in meniscus 50 in reverse, second anchor first 
Referring to Fig. 7 A, a modified wound closure device includes a first 
anchor 1 1 2 that has a beveled face 1 1 9a, but lacks a fin. Anchor 1 1 2 
has an axial, generally cylindrical body 1 18 that defines two transverse 

1 5 holes 1 24a and 1 24b. Suture 1 6 is attached to anchor 1 1 2 by 

threading the suture through hole 124a in a first direction, through hole 
1 24b in a second direction, and then tying a conventional knot 1 25. 

Referring to Figs. 7B-7E (not to scale), in this reverse deployment 
20 embodiment, second anchor 14 is positioned distally in bore 72, with 
first anchor 1 12 directly proximal. Tip 84 of plunger 80 resides 
immediately proximal to first anchor 1 1 2 in bore 72. In operation, the 
surgeon first pushes needle 70 through meniscus 50, in the direction 
of arrow A, until tip 74 passes through surface 58. The surgeon then 
25 pushes plunger 80 in the direction of arrow A far enough to force 
second anchor 14 through tip 74, but not far enough to eject first 
anchor 11 2. 

After anchor 14 has been ejected, the surgeon pulls the needle in the 
30 direction of arrow B, back through meniscus 50, across tear 52, and 
out point 60a (Fig. 7C). Since first anchor 112 does not include a fin, it 
does not protrude through slit 76, and does not engage tissue when 
the needle is pulled in the direction of arrow B. Next, the surgeon 
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reinserts needle 70 into the meniscus at point 60b, and again passes 
the needle through meniscus 50 in the direction of arrow A, across tear 
52, until tip 74 passes through surface 58. The surgeon then ejects 
first anchor 1 12 by pushing plunger 80 in the direction of arrow A, (Fig. 
5 7D), and withdraws needle 70 from meniscus 50. The surgeon then 
positions the anchors and closes tear 52 by pulling on free end 44 
(Fig. 7E), as described above. 

Alternative configurations of second anchor 14 and one-way knot 40 
10 are possible. 

For example, referring first to Figs. 8A and 8B, suture 16 can be 
threaded through second anchor 14 so that the loop is located against 
an exterior surface 637 of stem 36, rather than within region 39. In this 

1 5 embodiment, suture 1 6 is threaded through second anchor 1 4 by first 
passing the suture around base 32, into region 39, and then out of 
region 39 through hole 34a. The suture then passes back into region 
39 through hole 34b, forming a loop 642 adjacent surface 637. After 
forming the loop, the suture passes through hole 30 to the exterior, 

20 and then through loop 642, terminating at free end 644. 

When the surgeon pulls free end 644 of suture 16, the anchor rotates 
until surface 637 faces surface 58 of meniscus 50 (Figs. 2 and 3A-3B). 
Cylindrical body 28 causes part of surface 637 to remain elevated 
25 above surface 58, creating a small gap 639 that contains loop 642. 
Loop 642, therefore, does not become wedged between tissue and 
surface 637 when the surgeon pulls free end 644 to tension the suture. 

Referring to Fig. 9, second anchor 214 has a structure similar to 
30 anchor 1 4, except that anchor 214 lacks a base 32. Anchor 21 4 
includes a cylindrical body 228 and a stem 236 that define a wedge- 
shaped, partially enclosed region 239 therebetween. Stem 236 
defines two holes, 234a and 230, and body 228 defines one 
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transverse hole 234b. Holes 234a and 230 are generally parallel, and 
are both generally perpendicular to hole 234b. A suture 216 passes 
from a first anchor (not shown) through hole 234a into region 239, and 
then through hole 234b to the exterior of the anchor, forming a loop 
5 242 within region 239. The suture then wraps around body 228 back 
into region 239, through loop 242, and out of region 239 through hole 
230, terminating at free end 244. Alternatively, suture 216 can wrap 
around body 228 two or more times before passing back into region 
239. 

10 

As in the previous embodiments, pulling on free end 244 tensions 
suture 216 and shortens the length of suture between the anchors. 
Pulling on suture 216 in an opposite direction, however, causes loop 
242 to press a portion 246 of the suture against a compression surface 

1 5 243. Since loop 242 is located within protected region 239, and is 
therefore spaced from the meniscal surface, loop 242 does not 
become wedged between tissue and the anchor when the surgeon 
tensions suture 216. Unlike the previous embodiments, however, 
anchor 214 does not rotate after the surgeon tensions the suture and 

20 releases free end 244. 

Referring to Fig. 1 0, second anchor 31 4 includes a generally 
cylindrical body 328 and an offset, generally rectangular appendage 
326. Appendage 326 and body 328 define a partially protected region 
25 339. As with anchor 1 4, a front surface 329a of anchor 31 4 is beveled. 



Appendage 326 defines three holes, 330, 334a, and 334b. Holes 
334a and 330 are generally straight, while hole 334b defines an arc 
through an inside of appendage 326. A suture 316 passes from a first 
30 anchor (not shown) through straight hole 334a into region 339. Suture 
316 then passes out of region 339 through arc-shaped hole 334b, 
forming a loop 342 within region 339. The suture then wraps around a 
comer 320 of body 326, passes through loop 342, and through hole 
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330, terminating at free end 344. As with the embodiments of Figs. 1 , 
7A-7B, and 8, pulling on free end 344 shortens the length of suture 
between the anchors, but pulling on suture 316 in an opposite direction 
causes loop 342 to squeeze a portion 346 of the suture against a 
5 compression surface 343 of appendage 326, preventing further 

movement. Like the embodiment of Fig. 8, anchor 314 does not rotate 
after the suture is tensioned and released. 

Referring to Fig. 1 1 , second anchor 41 4 includes a generally 
1 0 cylindrical body 428 extending from a beveled distal surface 429a to a 
flat proximal surface 429b. A generally rectangular appendage 426 
also extends from surface 429a to surface 429b. Rectangular 
appendage 426 is attached to body 428 along the long side of the 
rectangle, and is centered along an axial length of body 428. Body 
1 5 428 and appendage 426 define a protected region 439. 

Appendage 426 defines two holes, 434a and 430, and body 428 
defines two transverse holes, 434b and 434c. Hole 434b is located 
entirely within body 428, but hole 434c is located at a juncture 492 
20 between body 428 and appendage 426. Holes 434a and 430 are 
generally parallel, and are both generally perpendicular to holes 434b 
and 434c. 

A suture 416 extends from a first anchor (not shown), through hole 
25 434a into region 439, and then out of region 439 through hole 434b, 
forming a loop 442 within region 439. The suture then passes back 
into region 439 through hole 434c, through loop 442, and out of region 
439 through hole 430, terminating at free end 444. 

30 As with the other described second anchor embodiments, pulling on 
free end 444 tensions suture 416 and shortens the length of suture 
between the anchors, but pulling on suture 416 in an opposite direction 
causes loop 442 to squeeze a portion 446 of the suture against a 



20 

330, terminating at free end 344. As with the embodiments of Figs. 1 , 
7A-7B, and 8, pulling on free end 344 shortens the length of suture 
between the anchors, but pulling on suture 316 in an opposite direction 
causes loop 342 to squeeze a portion 346 of the suture against a 
5 compression surface 343 of appendage 326, preventing further 

movement. Like the embodiment of Fig. 8, anchor 31 4 does not rotate 
after the suture is tensioned and released. 

Referring to Fig. 1 1 , second anchor 414 includes a generally 
1 0 cylindrical body 428 extending from a beveled distal surface 429a to a 
flat proximal surface 429b. A generally rectangular appendage 426 
also extends from surface 429a to surface 429b. Rectangular 
appendage 426 is attached to body 428 along the long side of the 
rectangle, and is centered along an axial length of body 428. Body 
1 5 428 and appendage 426 define a protected region 439. 

Appendage 426 defines two holes, 434a and 430, and body 428 
defines two transverse holes, 434b and 434c. Hole 434b is located 
entirely within body 428, but hole 434c is located at a juncture 492 
20 between body 428 and appendage 426. Holes 434a and 430 are 
generally parallel, and are both generally perpendicular to holes 434b 
and 434c. 

A suture 416 extends from a first anchor (not shown), through hole 
25 434a into region 439, and then out of region 439 through hole 434b, 
forming a loop 442 within region 439. The suture then passes back 
into region 439 through hole 434c, through loop 442, and out of region 
439 through hole 430, terminating at free end 444. 

30 As with the other described second anchor embodiments, pulling on 
free end 444 tensions suture 416 and shortens the length of suture 
between the anchors, but pulling on suture 416 in an opposite direction 
causes loop 442 to squeeze a portion 446 of the suture against a 
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compression surface 443 of appendage 426, preventing further 
movement. Region 439 is separated from the meniscal tissue by body 
428, preventing loop 442 from wedging between anchor 414 and 
tissue when the surgeon pulls on free end 444. Anchor 414 does not 
5 rotate after the surgeon tensions and releases the suture. 

Referring to Fig. 12, second anchor 514 includes a generally 
cylindrical body 528 and an appendage 526. Both body 528 and 
appendage 526 extend from a beveled distal surface 529a to a flat 

1 0 proximal surface 529b. Appendage 526 includes a stem 536 attached 
to body 528, and a head 532 attached to stem 536. Stem 536 is 
rectangular in cross-section and head 532 is D-shaped in cross- 
section, giving appendage 526 a mushroom-shaped cross-section. 
Stem 536, head 532, and body 528 define a partially enclosed, 

1 5 protected region 539. 

Stem 536 defines two transverse holes 534a and 534b, and body 528 
defines a single transverse hole 530 located at a juncture 592 between 
body 528 and stem 536. A suture 516 passes from a first anchor (not 

20 shown), through hole 534a into protected region 539, and then out of 
region 539 through hole 534b, forming a loop 542 within region 539. 
Suture 516 then passes around D-shaped head 532 through a 
transverse groove 594 in head 532, back into region 539, through loop 
542, and out hole 530, terminating at free end 544. As with the other 

25 described embodiments of the second anchor, pulling on free end 544 
shortens the distance between the two anchors, but pulling on suture 
516 in an opposite direction causes loop 542 to squeeze a portion 546 
of the suture against a compression surface 543 of stem 536, 
preventing further movement That loop 542 is located within region 

30 539 prevents the loop from becoming wedged between the anchor 
and tissue when the surgeon pulls on free end 544. Anchor 514, like 
anchors 214, 314, and 414, does not rotate after the surgeon tensions 
and releases the suture. 
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Referring to Figs. 13A-13D and Figs. 14-16, the second anchor can 
have a T shape or a crescent shape, and can be deployed at a surface 
of the meniscus or inter-body. Referring to Figs. 13A and 13B, second 
5 anchor 730 has a T-shape. The base 732 of the T defines three 
through-holes, 734a, 734b, and 734c, and the stem 736 of the T is 
configured to penetrate meniscal tissue. Stem 736 is offset from base 
732 so that the stem does not block hole 734b. Referring to Figs. 13C 
and 13D, second anchor 814 has a flat, generally circular proximal 

1 0 surface 836, and a rounded distal surface 838, giving the anchor a 
generally hemispherical or "crescent" shape. (Alternatively, surface 
836 can be concave.) Anchor 814 defines three through-holes, 830, 
834a, and 834b. The holes pass in an axial direction from the 
anchor's proximal circular surface 836 to its distal rounded surface 

15 838. 

Fig. 14 illustrates deployment of a device 810 that has a crescent- 
shaped second anchor 814, and a "pulley" anchor 813. Pulley anchor 
813 does not act as a dead-end for a suture, nor does it include a one- 

20 way knot. Instead, pulley anchor 813 includes two through-holes, 
824a and 824b. A suture 816 passes through hole 824a in a first 
direction, and then through hole 824b in a second direction, such that 
suture 81 6 can slide over pulley anchor 81 3 in either direction. Pulley 
anchor 813 can have the shape and structure of anchor 12 (i.e., the 

25 holes are located on a fin), the simple cylindrical structure of anchor 
1 12 of Fig. 7A, or numerous other structures. 

In operation, anchors 813 and 814 are deployed using, e.g., a hollow 
needle 70, such that anchor 814 is positioned on a proximal side of 
30 meniscus 50, and anchor 81 3 is deployed against distal surface 58. 
When deployed, suture 816 passes through hole 834a of crescent- 
shaped anchor 814 in a generally proximal direction (arrow P), from 
rounded surface 838 to circular surface 836, and then through hole 
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834b in a generally distal direction (arrow D), forming a loop 842. 
From loop 842, the suture passes through meniscal tissue, through 
hole 824a of pulley anchor 81 3, through hole 824b of anchor 81 3, and 
back through meniscal tissue to the crescent shaped anchor. The 
5 suture then passes through loop 842, terminating at free end 844. The 
opposite end 845 of suture 81 6 includes a knob or a knot 847 that 
prevents end 845 from passing through hole 834a. Thus, suture 816 
begins at anchor 81 4, in addition to forming the one-way knot at 
anchor 814. 

10 

Referring to Fig. 15, rather than beginning at anchor 814, the suture 
can be affixed to a first anchor 12. In Fig. 15, a device 81 1 includes a 
first anchor 12 and crescent-shaped second anchor 814. Suture 816 
passes through holes 24a and 24b of anchor 12, forming a knot 25 as 

15 shown in Fig. 1A. From knot 25, suture 816 passes through meniscal 
tissue and then through holes 834a and 834b of anchor 814, forming 
loop 842. From loop 842, the suture passes back through meniscal 
tissue to first anchor 12, and then through a fixed loop 843 located 
between knot 25 and first anchor 1 2. The suture then passes back 

20 through meniscal tissue, through hole 830 of anchor 814, and through 
loop 842, terminating at free end 844. 

When a surgeon pulls on free end 844 in device 81 1 , the mechanical 
advantage is 3:1 , since suture 816 passes between the two anchors 
25 three times. By comparison, in device 810, the mechanical advantage 
is 2:1. 

Referring to Fig. 16, the crescent shaped anchor 814 of device 810 
can be deployed inter-body (i.e., embedded within meniscal tissue), 
30 rather than against a surface of the meniscus. In this deployment 
method, device 810 is deployed in the manner described above with 
reference to Fig. 14, or using another deployment method. After 
positioning the anchors and tensioning free end 844, however, the 
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surgeon pushes anchor 814 into the meniscal tissue, using, e.g., a 
needle. To facilitate pushing anchor 814 into the tissue, a point 817 of 
anchor 814 can be sharp. 

5 Other types of second anchors described herein, whether or not they 
include a sharp point, can also be positioned inter-body. 

In each of the described embodiments of the second anchor, the one- 
way knot can be left "loose" until after both the first and second 

1 0 anchors are positioned against the meniscus. In such an embodiment, 
the suture would be very long, e.g., more than 12 cm long, such that 
the one-way knot includes considerable slack, and the loop portion of 
the knot is accessible to the surgeon's fingers. In this embodiment, the 
surgeon can position the first and second anchors against backside 58 

1 5 by pulling on both the free end and the loop itself. Once the anchors 
are satisfactorily positioned, the surgeon tightens the knot by pulling 
on the free end. 

The second anchor can employ one-way tightening schemes other 
20 than a "one-way knot" For example, referring to Fig. 17, a device 650 
includes first anchor 12, a second anchor 652, and two sutures 616 
and 654. Second anchor 652 has a generally cylindrical shape, and 
defines two through-holes 656 and 658. When anchors 12 and 652 
are positioned against backside 58 of meniscus 50, suture 616 passes 
25 from first anchor 1 2, through holes 60a and 60b in the meniscus, and 
then through holes 656 and 658 of anchor 652, terminating at free end 
660. Suture 616 does not form a one-way knot at second anchor 652. 
Instead, suture 616 simply passes through holes 656 and 658 in 
succession, such that anchor 652 acts as a pulley anchor. 

30 

The second suture, suture 654, passes only through hole 656 of 
anchor 652, and through hole 60b of the meniscus. A portion 662 of 
suture 654, distal to hole 656, is thicker than the remainder of suture 



25 

654. This thicker portion 662 cannot pass through hole 656. fThe 
thickness of portion 662 is exaggerated in Fig. 17.) 

In operation, a surgeon deploys the two anchors as described above 
with respect to other embodiments, and then pulls on free end 660 of 
suture 616 to position the anchors against backside 58 and close the 
tear in the meniscus. Once suture 616 is tensioned to the surgeon's 
satisfaction, the surgeon pulls on suture 654 in the proximal direction 
(arrow P), until a segment of portion 662 wedges into hole 656. 
Portion 662 wedges suture 616 in place within hole 656, preventing 
the length of suture 616 between the two anchors from increasing, and 
thereby locking the two anchors in place. 

Modifications of other portions of wound closure device 10 are also 
possible. For example, the fin-shaped projection 20 of the first anchor 
need not have the shape shown in the figures. Other types of 
projections capable of protruding through a needle opening and 
engaging tissue can be used. In addition, as described above with 
reference to Figs. 6A, the first anchor need not include any projection, 
but can instead be a simple cylinder defining holes for affixation of the 
suture. 

Instead of attaching the suture to the first anchor using a conventional 
knot 25, the suture can be welded or glued to the anchor, or can be 
spliced. 

Referring to Fig. 18A, the first anchor need not include an extended, 
cylindrical body, but can instead have a button-shaped body. Button- 
shaped first anchor 712 includes a circular distal side 719a and a 
circular proximal side 719b. Two axial holes 724a and 724b pass from 
side 71 9a to side 71 9b. A suture 716 is attached to anchor 712 by 
passing through hole 724a in a first direction, through hole 724b in a 
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second direction, and then forming a conventional knot 725 on the 
distal side of the anchor. 

Referring to Fig. 18B, button-shaped first anchor 712 is deployed 
5 against a proximal surface 796 of meniscus 50, and second anchor 14 
is deployed against surface 58. Suture 716 passes from first anchor 
712 into proximal tissue 56 at point 760, such that knot 725 is located 
within the tissue. From point 760, suture 716 passes across tear 52 to 
second anchor 14, then through second anchor 14 in the manner 
1 0 described above with reference to Fig. 1 . From second anchor 14, the 
suture passes back into distal tissue 54, across tear 52, and emerges 
from proximal tissue 56 at point 760. The suture then terminates at 
free end 744. As with the embodiments described above, pulling on 
free end 744 tensions the suture and closes the tear. 

15 

Alternatively, button-shaped anchor 712 can be deployed on the distal 
side of the tear adjacent second anchor 14, using the methods 
described above with reference to Figs. 2, 5A-5D, 6A-6D, and 7A-7D. 

20 The second anchor need not include a groove 35 to allow passage of 
a plunger. Instead, the second anchor can define an axial through- 
hole for passage of the plunger. 

Rather than a suture, the first and second anchors can be connected 
25 with other types of flexible members. 

The wound closure device can include more than two suture anchors. 
For example, in addition to the first and second anchors, the device 
can include a third anchor identical in structure and function to the 
30 second anchor. In operation, after deploying the second anchor 
against surface 58 of meniscus 50, the surgeon could again pass the 
suture across tear 52, adding an additional stitch, and then deploy the 
third anchor against surface 58. After deploying all three anchors, the 
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surgeon would pull on the free end of the suture, causing the suture to 
slide over both the second and third anchors, shortening the length of 
suture between the third and first anchors, and thereby closing the 
wound. 

5 

When more than two anchors are used, one or more of the anchors 
can be a pulley, such as pulley anchor 813 described above with 
reference to Fig. 14. For example, the device could include a first 
anchor 12, a pulley anchor 813, and a second anchor 14. The suture 
1 0 would be affixed to the first anchor, would slide over the pulley anchor, 
and form a one-way knot at the second anchor. 

Depending on the size of the tissue wound, more than three anchors 
can be used. The additional anchors can all be pulley anchors, can all 
15 be similar to the second anchor, or can be include both additional 
pulleys and additional second anchors. 

The wound closure devices need not be deployed using a needle, and 
need not be deployed arthroscopically. Instead, a surgeon can place 
20 the anchors against the tissue during an open procedure. 

The wound closure devices can be used to repair tissue wounds other 
than meniscal tears. For example, the devices can be used to repair 
tears in skin, muscles, and ligaments, and to re-attach tissue to 
25 support structures, such as bones. 
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What is claimed is: 

1 . Wound closure device comprising: a first anchor (1 2); a second 
anchor (14); a flexible member (16) connecting the first anchor (12) to 
the second anchor (14), the flexible member (16) having a free end 
(44) and being movably attached to the second anchor (14), such that 
pulling on the free end (44) of the flexible member (16) shortens the 
length of the flexible member (16) between the first (12) and second 
(14) anchors. 

2. Wound closure device according to claim 1 , wherein the 
second anchor comprises a distal surface (29a), a proximal surface 
(29b), a generally cylindrical body (28) and an appendage attached to 
the generally cylindrical body (28), there being a plurality of holes 
(30,34a,34b) passing through the second anchor. 

3. Wound closure device according to claim 2, wherein the 
generally cylindrical body (28) and the appendage define an interior, 
partially enclosed region (39). 

4. Wound closure device according to claim 2 or 3, wherein the 
distal surface (29a) is bevelled. 

5. Wound closure device according to any one of claims 2-4, 
wherein the appendage is generally L-shaped (26) in cross-section. 

6. Wound closure device according to claim 5, wherein the L- 
shape is formed by a stem (36) attached to the cylindrical body (28) 
along an axial length of the body and a base (32) attached to the stem 
such that it projects essentially perpendicularly thereto. 

7. Wound closure device according to claim 6, wherein base (32) 
defines one vertically transverse hole (30) and stem defines two 
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horizontally transverse holes (34a,34b) directed essentially 
perpendicularly to the vertically transverse hole (30). 

8. Wound closure device according to any one of claims 2 to 4, 
5 wherein the appendage comprises a stem (236). 

9. Wound closure device according to claim 8, wherein two holes 
(234a,230) are defined in the stem (236) and a further hole (234b) is 
defined essentially perpendicular thereto in the generally cylindrical 

10 body (228). 

1 0. Wound closure device according to any one of claims 2 to 4, 
wherein the appendage is generally rectangular in cross section. 

15 11. Wound closure device according to claim 1 0, wherein the 

appendage (326) is disposed offset from the generally cylindrical body 
(328). 

1 2. Wound closure device according to claim 1 0 or 1 1 , wherein the 
holes (434a,434b,430) are disposed through the appendage (326). 

20 

1 3. Wound closure device according to claim 1 0, wherein the 
appendage (426) is attached to the generally cylindrical body (428) 
along the long side of the rectangle and is centred along an axial 
length of the generally cylindrical body (428). 

25 

1 4. Wound closure device according to claim 1 0 or 1 3, wherein the 
holes (434a-c,430) are disposed through both the appendage (426) 
and the generally cylindrical body (428). 

30 1 5. Wound closure device according to any one of claims 2 to 4, 
wherein appendage (526) comprises a stem (536) attached to the 
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generally cylindrical body (528) and a head (532) attached to the stem 
(536). 

1 6. Wound closure device according to claim 1 5, wherein the stem 
5 (536) is generally rectangular in cross section and the head (532) is 

generally D-shaped in cross section. 

1 7. Wound closure device according to claim 1 6, wherein the holes 
(534a,534b,530) are disposed through both the appendage and the 

1 0 generally cylindrical body. 

1 8. Wound closure device according to claim 1 , wherein the 
second anchor has a generally hemispherical shape or a generally 
crescent shape. 

15 

1 9. Wound closure device according to claim 1 8, wherein the 
second anchor has a sharp tip configured to penetrate tissue. 

20. Wound closure device according to claim 1 , wherein the 
20 second anchor is generally T-shaped. 

21 . Wound closure device according to any one of the preceding 
claims, wherein the movable attachment of the flexible member (1 6) to 
the second anchor (14) enables the length of the flexible member (16) 

25 between the first (12) and second (14) anchors to be shortened, but 
not lengthened. 

22. Wound closure device according to any one of the preceding 
claims, wherein the movable attachment includes a knot (40) formed in 

30 the flexible member (1 6) at the second anchor (1 4). 

23. Wound closure device according to claim 22, wherein the knot 
(40) includes a first portion of the flexible member (16) that forms a 
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loop (42), and a second portion that passes over a surface of the 
second anchor and through the loop (42). 

24. Wound closure device according to claim 23, wherein the 
surface comprises an exterior surface (41) of the second anchor (14). 

25. Wound closure device according to claim 24, wherein the knot 
is configured such that pulling on the free end (44) causes the flexible 
member (16) to slide through the loop (42) to shorten the length of the 

- flexible member between the first (12) and second (14) anchors, but 
pulling on the flexible member (16) in an opposite direction in order to 
increase the length of the flexible member (16) between the first (12) 
and second (14) anchors causes the loop (42) to press the second 
portion against a compression surface (43) of the second anchor (14), 
resisting increase in the length of the flexible member (16) between 
the first (12) and second (14) anchors. 

26. Wound closure device according to any one of claims 23 to 25, 
wherein the second portion includes the free end (44). 

27. Wound closure device according to any one of claims 23 to 26, 
wherein the second anchor (14) defines an interior, partially enclosed 
region (39) and the loop (42) is formed within the interior, partially 
enclosed region (39). 

28. Wound closure device according to any one of claims 23 to 27, 
wherein the second anchor (14) includes at least two loop-forming 
holes (34a,34b) and the first portion of the flexible member (1 6) 
passes through the at least two loop-forming holes (34a,34b) to form 
the loop (42). 

29. Wound closure device of claim 28, wherein the second anchor 
(14) includes an additional hole (30) that connects to the interior, 
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partially enclosed region (39), and the free end (44) of the suture (16) 
passes through the additional hole (30). 

30. Wound closure device according to any one of the preceding 
5 claims, wherein the first anchor (12) comprises a generally cylindrical 

body, the body being sized and shaped to fit within a bore of a hollow 
needle. 

31 . Wound closure device according to any one of the preceding 

1 0 claims, wherein the first anchor (12) comprises a projection extending 
from the cylindrical body. 

32. Wound closure device according to claim 31 , wherein the 
projection comprises a longitudinal fin (20). 

15 

33. Wound closure device according to any one of claims claim 31 
or 32, wherein the projection defines at least one hole (24a,24b) for 
passage of the flexible member (16) therethrough. 

20 34. Wound closure device according to any one of claims 1 to 29, 
wherein the first anchor has a button shape (712) and defines at least 
one hole (724a,724b) for the passage of suture therethrough. 

35. Wound closure device according to any one of the preceding 

25 claims, wherein the flexible member (1 6) comprises a suture. 

36. A wound closure kit comprising: 

a needle having an open tip and defining a longitudinal bore that 
connects to the open tip; 
30 a wound closure device according to any one of the preceding 
claims disposed within the needle bore. 



33 

37. The kit according to claim 36, wherein the needle defines a 
longitudinal slit that connects to the bore and to the open tip through 
which, if present, the projection of the first anchor and/or the 
appendage of the second anchor may protrude. 

5 

38. A method of closing a tissue wound comprising: 

providing a wound closure device having a first anchor, a 
second anchor, and a flexible member movably attached to the 
second anchor; 
1 0 positioning the first anchor against tissue; 

passing the flexible member across the wound; 
positioning the second anchor against tissue; and 
pulling on a free end of the flexible member to shorten a length 
of the flexible member between the first and second anchors, thereby 
15 closing the wound. 

39. The method of claim 38, wherein the flexible member is slidably 
attached to the second anchor by a one-way knot, such that after 
completion of the pulling step, the length of the flexible member 

20 between the first and second anchors remains shortened. 

40. The method of claim 38, wherein the first positioning step includes 
positioning the first anchor on a first side of the wound, the passing 
step includes passing the flexible member from the first side to a 

25 second side of the wound, engaging tissue on the second side, and 
returning the flexible member to the first side, and the second 
positioning step includes positioning the second anchor on the first 
side of the wound. 

30 41 . The method of claim 38, wherein the providing step includes 
providing a needle having an open tip and defining a bore that 
connects to the open tip, the first and second anchors being at least 
partially disposed within the bore. 
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42. The method of claim 41 , wherein the needle further defines a slit 
that connects to the bore and to the open tip, the first anchor includes 
a projection that protrudes through the slit, and the first positioning 

5 step includes engaging the projection with tissue to remove the first 
anchor from the bore. 

43. The method of claim 39, wherein the providing step includes 
providing a second anchor that defines a partially enclosed region, the 

1 0 partially enclosed region housing at least a portion of the one-way 
knot, and the partially enclosed region being located such that during 
the pulling step, the portion of the one-way knot disposed within the 
partially enclosed region avoids contact with tissue. 

1 5 44. The method of claim 38, wherein the providing step includes 
providing a device in which the flexible member passes through a 
through-hole in the second anchor, and the device further includes a 
second flexible member that also passes through the through-hole, the 
second flexible member having a thickened portion that is wider than 
20 the through hole, and the method further comprises: pulling the 
second flexible member until the thickened portion wedges into the 
through hole. 

45. A method of repairing a tear in a meniscus comprising: 
providing a tear closing device having a first anchor, a second anchor, 
and a flexible member movably attached to the second anchor; 
positioning the first anchor against the meniscus; 
passing the flexible member across the tear; 
positioning the second anchor against the meniscus; and 
pulling on a free end of the flexible member to shorten a length 
of the flexible member between the first and second anchors, thereby 
closing the tear. 



25 



30 
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46. The method of claim 45, wherein the providing step includes 
providing a tear closing device in which the flexible member is fixed to 
the first anchor. 

5 47. The method of claim 45, wherein the first positioning step includes 
positioning the first anchor against an external surface of the 
meniscus, on a first side of the tear, the passing step includes passing 
the flexible member from the first side to a second side of the tear, 
engaging tissue on the second side, and returning the flexible member 
10 to the first side, and the second positioning step includes positioning 
the second anchor against the external surface. 



15 



48. The method of claim 45, wherein the first and second anchors are 
positioned against external surfaces of the meniscus on opposite sides 
of the tear. 
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46. The method of claim 45, wherein the providing step includes 
providing a tear closing device in which the flexible member is fixed to 
the first anchor. 

5 47. The method of claim 45, wherein the first positioning step includes 
positioning the first anchor against an external surface of the 
meniscus, on a first side of the tear, the passing step includes passing 
the flexible member from the first side to a second side of the tear, 
engaging tissue on the second side, and returning the flexible member 
1 0 to the first side, and the second positioning step includes positioning 
the second anchor against the external surface. 

48. The method of claim 45, wherein the first and second anchors are 
positioned against external surfaces of the meniscus on opposite sides 
15 of the tear. 
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Abstract of WO01 39671 
A wound closure device that includes a first 
anchor (12), a second anchor (14), and a flexible 
member (16) that connects the first anchor (12) 
to the second anchor (14) is disclosed. The 
flexible member (16), e.g., a suture, is movably 
attached to the second anchor (14), such that 
pulling on a free end (44) of the flexible member 
(16) shortens a length of the flexible member (16) 
between the first (12) and second anchors (14). 
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